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ARIYAMA YOSHIHIRO 
(54) BACKGROUND NOISE REMOVER DEVICE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a background noise remover 
device which, when receiving input signals where background noises and 
speech signals are mixed, can remove the background noise without a 
damage on sound quality. 

SOLUTION: While input signals do not include background noises, a 
background noise estimation unit 7 produces and holds therein an 
estimated background noise N2 f k . When input signals include 
background noises, an adder 5 calculates E1 fk with an equation: E1 f k = 
Xf k - a c N2 f k , where N2 f k is frequency component of the input signals. 
In order to suitably process a channel having a smaller S/N than other 
channels, a unit 12 produces a re-updated estimated background noise 
N3 mfik and an adder 13 carries out subtraction as the following: E2 mf k = 
x mf,k - a c N2 mf,k - a kN3 m{k , where a k is a predefined coefficient. 
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(57) [fift] 

[MS] *l*flr**sa«£"f-* A fe 

A/D ^*§Sl -w<t7-X-^ h^tf3S«B 



■%&tkmTZ>Mffl, ^JPS^5liElf,k=Xf,k- a c N2f, k 
*fH(-r*. ^E7-*^«ioi:S/N tUMBlltt, El f , k 
iN2 f , k lcS-5v^-C^JSKa:«?*©s/N a i^iaR»«r 

*«r*«fe^»f"Jb^/h«*»©s/r^i:*tf»r*. ** 



rv. K*« 

1 




L, 



(2) 

1 

fltjfH ft -t * ft 5 ^Fff £ $ mf 5 tH # 

St, 

mists *se***-c3G* § n * m tiwiair* 

tirbT, ^JS)K*#^^s/N 2:^flSff:««^««:tc 20 
»m,fe'hWlos/N tSrtf^-rss/N §HS?3MS:i:, 
jftfE/JMiRisEws/N fc±J3K***£<os/N ©gasjpf^fitgA 

«0iD»¥«-C«J|t1-* WX*f«!eW**t#©*:# $ 14, 

St, 

(4, l!tjfEm^&^IS:^&£;ft,5Ji]R&j&#i 1 7V 
i, 



4#§B¥l 0-171497 
2 

*6****t*i:SrBfffol'J'd-C$tf«l*S:ftab, Iff* 

hue* 2 ©anai^«-e»*i-<& ws*r*je#***#©:*: 

[If^il3] W^iH 1 *«U4W*^2lCE»«?1¥*$t 
r i: tc J: (j HtrIEA*ft#t^*^«*^ft# 

/h^^^cOSiJ-g-^ff^flSeiii^fcS i ^StlKA^ff -§- 
(C^Fff -§-d ; -^ £ft 5 t *iJ^f 5 - t Z W<& t -t 5 =£3; 

[ 0 0 0 1 1 

[»«®*t 5S»f] *^0JI4, WFft-S-i:*** 
[0 0 0 2] 

t;l*)-LTf4JII8i$:®3£ft(spectral subtraction) SrjBffi 



3 

L/C**'** b>vftH»*«l*S:l»*r**ifeA s *Dfeft 
[0 0 0 3 ] 

JsiR*«fci«jaR»«ct *jfc«ur*5< n±KS£-c£> 

a. (b) {Sffl»»«fci««Kfc*i:-Ctt:SiJ-*©*5C«:ffl 
U WE«±0»fp|fiSr*^*-ii:5 0 (c) ffija«««-C»i 

s/n d5»»s^"ric^!7— ds/h* < *sys:tt-c*>5o 

ji^^KJ*, S/N l±t*U*>3&flsU »«fc*{k-r6. 
[ 0 0 0 4 ] 5*tt*StB«»:^SrJK?H 

[ 0 0 0 5 ] 

*«*^«t, A*fs -%\c-£*hz>^wfB-%*&&-tz 

i: ±JBR***©s/N i£» 

S/N ff#3M8:i, yJ^**©S/N fc^JS»S»»tt^S/N <z> 



(3) 4#?8¥l 0-171497 

[0 0 0 6 ] *«Wtt±ao»jBSrj|¥«:r5fe«> 

. ♦SrJtWkUT, ^«tt«k»«os/N 

«fc, /HH«<z>s/N fc£jg»*#*<£>s/N ©*a*3f5£ffi 

[0007] ft*a»^« 

-rs^fctcj: A^ff^tc^^^^^^fs^^^tb-r ^> 
[0 0 0 8] MIC, *F*W#«W:, fS#«*#««>K 

[0009] *F;»fciJ3Ma«\ 

[0010] 



(4) 

5 

[OOll] il tt*«S®» l ©38ttW©#*Ji*i» 

jaS*»«Sr*«^»SiJlxfc/h«*c5 5*>S/N 3&s4# 

[0 0 1 2] H! 1 tC&V^T, A^^18lCii, 
jrffNl;6\A*St^ &^T^ff-S§-S a*^***S»Nl 

t5o A^C^lStCA^H^A^ff-^ (W^SS^Nl, 
Sfctt^fs-fl'S iHf^SI^Nl) ft, AA«m8U:»jK 
Stl47to^-^^^«»« (A/D It- 
A*£-ft£o a/d A*«H-i8a>£>©f@ 

miz<nmm$k, tigtt^fis khz ^ 
[0013] 2 r±. vd acasi^feo^ 

*) 3— tli^i*^o SBB»*»tctt, :7V— ARB 

kri«fc©ir fft«*#3W\ SSHttMff 

«2 3&»c>^fir#icov>r i ^ v— ASicaGiS^— y 

[ooi4] A*«^i8Kir***Ni;&sA;*)S 

Nl(f,k) (f ttJSR*. k ii:7V-A#^) , 
S <0&&7<j3£hfrh #FFT «ff«3^e>ttt**^SX 
^ h/Wf ^£S(f,k) tt^t, FFT «»*3*»feU* 
£;h,£*^ h/Hf #x(f,k)tt, AAW^iSlcW*** 

[0015] 

X(f,k)=Nl(f,k) (1) 
X(f,k)=Nl(f,k) + S(f, k) (2) 

^y—7.s<$ h^tf»«B4 W\ FFT «**3 ^fe©^^ 50 
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6 

^ h/Wf #X(f,k)©^!7— N^Xf,k*^ 1 7^ 

AS^ffWfS. tLT, «■» b;f<!7 — X-^ h/WX 

S57^tti^'r^o ttti»HI»8f±, FFT ffiffi! 3 

b/v{f ^x(f,k)^^K*^»&^(^«^c^ib fc J: 

Wat*«;»^6*»tt«fiK»^ffiffl<P(f,k) fcttJtU 

(f,o «ri A©Mnn«»ra. 

[0016] ^^F^ffi^e Ji, A/D S&gg 

<e5fc«>"C*>5, iPSM* 500ms tC*5tt^5A*fS 

[0017] WJRrjrffJiSEffl 7 ii, x-f ^71, W«3* 

p#Htt»^*tii* 6 a* <=> o*u5ejgftica<sv^r j << 

B^^-f y^SrHi:, hA-ff ^§154 ^tli 

*W***«»H«Tfl572^A*ffi0lC*«ii-S o b^t^o 
Xf,k«. y-rXfflPfl^^#**6*K*T«572lCA***L 

[0018] *«St : B 1 H*fW72Ji, — h^ff- 

^^54 fathto^y—X'** b^Xf.kfc, W**!*^^ 
73^«»S*ltV^ 1 7 v-Afifricjt^u^ss***! 
WN2 f , k -i t?rfflv^X, (3) 3t\c& ti «63eW*S6 J BrN2 
ffk «r»tU-rsi:*^, #»*t*««p»73lc««p*^T 
1 7 v — Aftfj^Jt^WftJt^f.k-i Sr«5£*»*6 

^N2 f ,k t-S^f-T^o **5, (3) 5tOff»H\ ^V-A 
[001 9 ] 

N2 fjk =a *N2f, k -l +(l-a) • X f , k (3) 

k =0 cDt% , N2f, 0 =0 bTZ> 0 a 

>0 O^HF^ltC^^^H^o 

[0020] <h r m^m^^^y—*^? wwi 

^ © 5p*&ffi m 523 5fe S S: t o X P# M W tc S»r £ 



7 

V-AW^«*bfc*3e»*«l*N2f, k -i 

So 

[0021] «»**Jt3£SP7 fi> y -rx 

JHHfc*5^T\ :7 V— * Sic (3) sSKJ; &W*«HrS:#l 

S»*SS*N2f, k -i A*, h/vtHMM^fe 

x f , k t*o/tfc*, y -r ^MH-cttXf, k*?Ni ff k (ni 
f,k h/v> -cfcsotN Jt5E 

***rffN2 f , k tfflv^WJft^ffNlf^ ^i^t^rt 
irttft^ 7 ^WJr^^^^t 

T/V=^y XAJR*ao*t^#**6*N2f (k Srtil*«!llC* 

[0022] /^f^irWTU ^v^A^C^-istc 
»*#*Nifc*W*#s ^/IfitSftA^^S^ 

^ hA-X fjk ^ffi*£;ft,£ 0 ^D»#5Ji, ro-^? — 
^b^X f , k t, W****3e«7*»&0*S*W*«l*N2 
f,k ^£>EV^T(4) 0 U -^jBJftEl 

ffk S: 01* «0 td*»lS * ^» !7 — Sftf^Sli 10*5 J: t/3JD*4S 
13 — ffi*r5o **5, (4) 5£Ul*5V^-t\ a c i4, Jt^W 

[ 0 0 2 3 ] 

Elf,k =X ftk -a c • N2 f , k (4) 
5fc«bfcJ: 5fc**MW-Ctt, FFT S®^3 c^W^XCf, 
k)J4, X(f, k)=Nl(f,k) + S(f,k) t i^c-C, — x 

_fe 

E1 nuk = £ f J 1 f,k 



(5) 0-171497 

S 

AstrSf^k-tZk. ^JDS^l5 0f±i*Eif, k 14(5) sC^i 
[0024] 

Elf, k -S fjk (5) 

tctt^-r s^?--*^ b/^Xf, k ^e>itsnp*jt*N2 

f, k Srlfc^bfcW^ft ^tc#/£-r3^7--*^ h/vs 

fjk a*ffi*Sfta::fcicfca. fc*:u «3e»*»t*N2 

f , k ^4^|^^*^:$|^^l4^^-g:L^V^o*C, ^ 
70 ft #tC»jcS-fS^l7 — Y;ioSf^<Dfy&t%Z>Z £14 

SHrfe'?, El f , k ^tt^coHfiJtWdS^SftSwi: 
tftSo *ib\ y-rX^ffl-ri4, FFT «^^|3 ^w*x 
<f , k) »4X(f , k) =N(f, k) k ft 3 O-C, *D3?^ 5 cOfcti*El 
f, k f4, El fjk ±?0 4: 

[0 0 2 5 ] ^-JfefEWlOtt, *«»#JS101 , 
— ff»«5102 , *t»§f»»103 , i/^104 , &£Xf 

^!7-«t#2i$i05 Sr#^, ^SS^J;^***!^^ 

20 SrW-W-TS ^^-Cfe^o »J»ffllCf4, JO**! 5** 

— f/^N2 f>k f4, **»Si|«101 *JJ;U^<!7 — ff 

#«io2 ©^K^^^ftA***!,*. 

[ 0 0 2 6 ] *«##l«101 f4, /^XMMK:*S^TI4 
***tfl 1 «t5£a5 7^fc0^^r7— X-^^ b^N2 f , k * 
FMP*^*5V^TJ4 1 7 U — ASlCA**^S^Djt*5*» 
fc<ZV<!7 — WVElf, k Sr^fr^frBfS©*:^^-'* 

fcJ:V«»r^#«SU***WS«lfta5i2^ffl*-f-S 0 

30 W-Jt«$102 ft, 101 ^^#f^r^ 

/K7V<E7— h/VSr/HV^T, (6) (7) ^ICJ; 

^^!7— fDEl m , k , h >N2 f , k JC^JS-TS* 

^^^/vcd^^— fpN2 m , k S:W-£-r5o 

[0 0 2 7 ] 
[*1 ] 

(6) 



fe 

N2 m . = EMl f w 
s f=fs * 

id f4, 5>#Jb^/hffl«©jgR»*«^»in #g 
Y>'*/Wc*5^t«»TJaS«^:S^«fcbrv^^. 

[0 0 2 8 ] Sfe, ^^-ff^fPl02 14, JDJMS5 J&»& 
^<C7— ^^>> h^Eif, k , W**6*rJt3effl 7frt><z>;* 
V-^-<^ hA-N2 f , k SrffiV^, (8) xC, (9) tUC£ 

9, ^^7— h^Eif, k ^is-rs^jaRiftff*^ 



(7) 

j^-r s ^js ^ *5 s ^ C7 - pn2 ALL «: ff#-r 

[0 0 2 9 ] 

ElALL =ZEl f , k (8) 

N2ALL =2N2 f)k (9) 
/^V— §tg$|5l02 14, m-^bTt/^17— ?PEl m , k , N2 

^ m ,k > ^17— «ftElALL . N2 A LL SrtU*«l^»itt**bS 



(6) 



103 ^miJ-rZo **»tf-jim03 tt, (10)- 
(l3)5ttCJ:^ W-3»W102 J&vfcO*-^?— ?p, ✓ < 

s/^io4 ^rn^-r £ 0 

[0 0 3 0 ] 

Elmlog=log(Elm,k) (10) 

N2 m i og =log(N2 m , k ) (11) 

Elalog=log(El A LL) (12) 

N2 a iog=log(N2 A LL) (13) 

3 officii Sr^<!7— »«p*i05 KHgtt-f*. rftKJ: 
2§105 s*7~< ft»*10S #3£§fl¥£l510 
^<PH&*PN2 a log*«*M~£ t #tC, WAttfllCSEttS 

JtM^I+^^103 ^fe^^^-Y^^^^^— fPEl n io g ^ 

[0 0 3 1 ] S/N fHS«511«\ t£fflr«S/N ffjt«5111 *S 
«kO«W«SlJS/N ffl-*ffill2 «r<&J^ '<!7*H*fls«10a*& 
^*^-Y^/V^^!7— fPElmiog, N2 m i og , <£J3&3£^ 
«<^/<!7— *&?PEl ft log* N2alog^S<JV^rS/N SrW-atf 

^^^t^^o ^BBicji, £**s/n ffitasin * 

^PfltCX-Y ^104 *^LT#*tHMBl03 ^foiSffl 

*^S^JSiK«:*«o^E7-».fPEiaiogi, 

«ios ^«^*^rv^s/-<x«ipa + ^J5l&«*«^ a? 

^17— «»N2alogfc *^V^"C (14)^;^J: <9^m^c^S/N a 

12— ffl^t^o 
[0 0 3 2] 

S/N a = Elalog-N2 a i og (14) 

mmwsm «-»»ii2 w\ w^jhib^x^ y^-io 

4 £^LT 103 A^^^^ft^V 
0/«!7 — ^PEl m i 0 gi , — <ft*£«105 IC^^^^TV^ 
£ / fffl * <Z>45^ ^ 17 — ^PN2 m i 0 g t £ JH 

v^t\ (is) sue J; <MHS«BUos/^£tf£U ffi^Mc 40 

*tt*ft«#*8u»**t*w*3e«i2^tii*rs. 

[0 0 3 3 ] 

S/Nm~El m iog~N2 m iog (15) 

[0 0 3 4 ] jfcio, *l8JSflri|"Cft, — tut as 102 <^ 

U*Sr**»W-»»103 -C^ftSSIbytft, S/N «-**5ll 
LTfcJ;^. *HRffjtWl03 as^Ki:*^* 5 #7 
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S/N <OtmC3&5^B«lC**. 

[0 0 3 5 ] #«BU»***?»»«m2rt\ #«»JS/N 
*W36*i2l J3J;V»«SU«**t*W3l«r»l22 

S/N ffWfflll^fe^jaRSWScOS/Na^iV*^ 

■Y^/VOS/NmtCgoV^T^^rV^/Hi^S/N j|S:¥lj5£ 

U s/n ^fgv^^^^/Hcov^riifi^W^Sti 1 ^^ 

«121 S/N ffl-3taSll<Z>£«r«S/N W-JMB111 J&>6>2> 
±ja««:**©s/N a *5J:U5#«SUS/N §H*«5ii2 

^^^V^/UOS/Nnj^T^V^T. (16)t^ (17)*^ J: 9, 

^Y^^&KS/N m tS/N a ^£¥iJ^U ^:<o*iJ«je* 
[0 0 3 6 ] 

S/Nm^S/Na+6 (16) 

S/N m <S/N a +6 (17) 

0. 5 , a c =0. 7 , j8 =0. 8 , 5 =-6(dB) , m =5 CO 

[0 0 3 7 ] ff«SU**»¥WM*Tffil22 l±, ✓ S 
^ffl5l0O**»#J«l01 Ji^^^^^ft^/K^ 
jf 3^***1*0 5*,, (17) ^:«:«S"r*^-YV*/K35 
«*«««l*N2mf,ki:, HC<*f«#W«l0l 

05^, (17) ^SrMS-rs^-V^/^oaiAElm^ki 
^fflv^r, <18)*iCJ: ^ft^Wft^NZnf.k^WXW* 

mznzm&mz^ mji-tz> 0 **5, ae) ^^^^-r 
fc^-v^/Wc ovarii, SH*TttfTfc*v^ 0 

[0 0 3 8 ] 

N3mf,k=(l- J8) ' N2 mf , k + J8 • El mf , k (18) 

J5l««:fflF« (mm ^■Y^/P) ^^^-r 0 j3Ji, 
SJE«T©a*Srah>r«*T*>?), ^P»^l5^mm ^Y 
^^cotH^El^k^^Htrfi^W^^^kt-^^ 

[0 0 3 9 ] (18)*^*5V^T,- J3 ^^C# <*t"^»t^S^T 
or, /3d5^^ftJxtfW3E*«*»**t*N3 n f,kW:, ft 

tt^K^r ^> »*«6**»icatt^**^i6«r a t> © t * 

[0 0 4 0] jQ»*13tt, ffir*JgU**S6 : ffSM*TWl22 
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oa*Ei mf , k ib-J:V«*SU***t*IIH3W«i22 j&>e>© 
W*»i*N3 m f , k fcfflv^ (19) SK. <fc 9 ®g£ 

[0 0 4 1] 

E2 ra f, k = El m f, k~ ak * N3mf, k 

= X m f , k - «c * N2 ra f t k _ k * N3 m f , k 

(19) 

ww"C, a k 12, 1 ^a k >0 <D&mft~C£> £>fa Obft 10 
[0 0 4 2] SD#*13W\ «****t*OWJE«T 

dSffiPtLsfcv^-v^^^bTtt, (20)5U£^-f £ 5 

\CH 5 © ttj *El n f , k £^0££fcfcJ;f?{ltC ® ^ * ft 5 

¥»***i5^fcu*-r3. 

[0 0 4 3 ] 

E2 m f, k = El m f,k (20) 

fc*3£**«i*N2f, k co*-^* %«ftb tt*^rfS-§- 

flF©*^* £«ld li#*au**«t*W3E««i22 

*C&£ 0 Sfc, ftft&Jfebfc^Or^/W 4, 6, 9^- 
^^/V) It, #*SU#»SII«WS«T»122 K^T* 

[0 0 4 4] ttfta »N2 fjk tf\ (3) 30 

v— AK#bT¥»fb*ftfc**"ca> 

j&*e>«»a ©*3ew«»»N2f, k sri»*brfc, 
[0045] -trtN (i7)^:ica-rii*ss/N OffiV^ 

^^c^r^^»El m f, k ^fflv^r^I^^c^<^:'r^ ; « i ^:^l 

m f, k £(18)5UC£ 9£j*-f£o -tU, »D»#13lC*5l> 
(l9)^Ul<fc ^Dg^5^ffi;^Elf, k ^fe-tOBSMfi 
«€«**6*N3 m f, k 4rl«*-r5o rftM£9, ;Dd3?3§13 

4, 6. g^-Y^^) cos/N ;WItc&#£ft£r 

it**. 

[0 0 4 6 ]. »14H\ 3D*»13j!n <£>{f #tc# 

bT(19h (20)5ttCJ;£«! ! 3i*J6U -tOft#OjgRjS: 50 
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fcti*fE3 f , k Srffi*ffifllC«ittS*LSa!i«il7— y 

n« ^fft mn») i5^mtj*tz>o 

[0 0 4 7 ] 

E3 f , k *E2 f , k -i +y E2f, k (21) 

ffiffl<i>(f,k) Srfflv^r^pit at#ai4}&*e>©m-g-E3f, k 

ft£ff^E3 f , k SrWBt <z>BMRfc bT*;bSft£WIW«i 
ff*E4(k) tc^m-T^o ^tt, ffl*ffll:»«Sh58 

«j*^"c**?*^««-g-*a?FFT *atu: j; ^r^wft # 

[0 0 4 8 ] ^H«^— ix^ftkawiett, igFFT flk 

#«15^C>OWPPfl«lfS-g-E4(k) 7l/-A«Wltt 
is*A>-T-}~tiJf&&» (D/A 17^ffl^r^o 

d/a «»*i7i±, «H»^— y^teaffiWie^fe^fS 

U:^£ft£ffi^«^-19-- fcb^-T^o ro* 5tcbX\ 
A*M^i8teA**ftfcff*«#B\ **»l** s i«** 

[o o 4 9 3 £*_btft^ b^i ^tcmi ^^^'itcj:^ 

a, A*fs*sra»©/h*a©ja»«*« (^^^^ 

/V) ^»SiJbT*«*»^«»te3ffi«:ffoTV^©-C, 

WflS±o»?a«As**b*v^Ko«*Lyt** 
[0 0 5 0] »l©3IMj|cj;Htf, A^ff^-^r 

3®*fTV\ fdico^Y^^/^tctfcgisbrs/N ^^j^v^y 
o*9»^ja»^*v^-Y^*/v^»b-Cfi 

^MS^^^^ctcm^brv^^^^-c^or^^F^c^^ 

[0 0 5 1 ] H4^*^0jom2^^^.jco ; e^:$t^[^ 

wtt»^»ffl»6 tjaR»tt*^«a*2o^sMb, 

«»W«ioi om^iI!Ji: : S:^)S^:ttl 1 ^ffi^20OA* 
fflOtc-^ix-P^ttiBcbfeto-CfcS, 
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[0 0 5 2] EUKisv^ JBR»:*ili*FttUia20tt, 

v - * << $ v ^«-3e» 4 <d m% x f , k t mmmmioi 

[0 0 5 3 ] 

N4 cf , k = « * N2 c f, k+ (1- £ ) * X c f, k (22) 

ftfci^ N4 cf ,o=o h-rz>o c #i>Ji^tt 

A-) £r^£>U, e 12, l > € >0 olKBrt"Ca>6>J&»Utf> 
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